Abstract: Pattern recognition studies are currently focusing on twin's biometric identification. The system of twins' biometric Identification can potentially differentiate the individual's biometric pattern. With the new Unimodal biometric identification, identical twins are precisely and reliably identified, with well exposure of certain traits. However, it is much more challenging to identify identical twins as they share so many similarities between them, as opposed to identifying the non-twins. Therefore, this study proposes the use of more than one biometric trait with global features. Pattern recognition application includes extracting and selecting meaningful features and this has brought to the key question in twin handwriting-fingerprint identification: How to obtain features from many writing styles and shapes of twin handwritingfingerprint in order that the reflection of the right person between twins can be obtained. Global with Aspect United Moment Invariant for the extractions of global feature using the identical twin multi-biometric identification is thus proposed by this study.
Introduction
Biometric-based identification and verification systems will soon be leaders in the technology of human identification (Koda et al., 2016; Karahan et al., 2016) . These systems are equipped with applications that control access to premises as well as computers and the ability to decrease fraudulent transaction incidences in electronic commerce and dampen unauthorized immigration (Hamid and Faez, 2013) . Somehow, in the case of twins, identifying their biometric is difficult unlike identifying non-twins. As Eliabeth et al. (2015) had stated: The amount of similarities shared by identical twins is astonishing. Thus, in the arena of pattern recognition and computer vision, twins' biometric identification has been the researched subject among many. In certain situations in fact, it is the only method that could identify an actual person's biometric pattern from a group of individuals (Muhammed and Shamsuddin, 2017; Hamid and Faez, 2013; Narayanan and Shmatikov, 2005; Umair et al., 2009; Neves and Proenc, 2016) .
The unimodal biometric identification for identical twins is now considerably more accurate and reliable (Eliabeth et al., 2015; Leng and Shamsuddin, 2012; Muhammed and Shamsuddin, 2012) and certain traits exhibit sound performance. Still, there are issues with respect to the technology itself. Further, among the past works on identical twins' identification or verification with the application of the Unimodal biometric system include: Wonder Ears, which employs images of ears to identify identical twins (Nejati et al., 2012) , new multimodal database from the biometric traits of twins (Hamid and Faez, 2013) . Discriminability between the fingerprints of twins (Jain et al., 2001) , DNA analysis (Jain et al., 2002) , computational discriminability analysis on the fingerprints of twins (Liu and Srihari, 2009) , '3D Face Recognition' method to recognize the face of identical twins (Vipin et al., 2011) , facial marks analysis to differentiate identical twins (Srinivas et al., 2012) , 'Double Trouble' method for recognising identical twins' by face (Paone et al., 2014) . However, Muhammed and Shamsuddin (2012) opined that all these studies were physiological in nature which means that changes are not likely to happen to them.
For sharing one zygote, identical twins have identical genetic makeup. Thus, it is difficult to identify them (Fig. 1) . The application of more than one biometric trait with Global features is thus recommended as a solution to this problem, hence, the introduction of the multimodal biometric system employing both the physical and behaviour trait. A combination of countless sources obtained from countless biometric traits is employed in this system. Employing this system, without exact biometric identifier, user is still able to enrol as authentication can still be done using other traits. Thus, enrolment problem can be solved using this system, proving the universality of this system. Multimodal biometric is thus usable in the analysis of identical features to allow the extraction of features' unique characteristics, after which, further examination of the written texts and minutiae patterns versus the original ones, can performed. Additionally, in the past works for twins' biometric, the global (holistic) features of the cursive word or shape were not treated as one whole object.
Individuality of Twins Multi-Biometric
As theorized by some scholars (Kauba et al., 2016; Easwaramoorthy et al., 2016; Eliabeth et al., 2015) , a person's handwriting-fingerprint can represent his/her nature. This shows that the permanency of writing and fingerprint style of a person, just like their personality. This study obtained the data in UHD for 20 twins. Here, 4 samples were produced by each twin for each biometric. Figure 2 presents the samples from the exact individual in pairs of twins as well as samples with differing pairs. As evidenced, both the writings and fingerprints demonstrate more similarity being generated by both individuals in a pair of twins. Nevertheless, there appears dissimilarity when the writings and fingerprints are generated by the different pair. A minor difference has also been discovered in the writings and fingerprints that the exact individual in a pair of twins produce. Defined difference appears to be present in writings and fingerprints that both individuals in a pair produce even though the height of shape seems similar in identical twins. Based on these findings, it can be said that even identical twins differ particularly in terms of handwriting and fingerprint, which has been termed 'Individuality of Handwriting-fingerprint' which is assessable using the variances. Here, as suggested by Easwaramoorthy et al. (2016) , and Eliabeth et al. (2015) , the value of the person's feature or the intra-class, should be lower than that of different persons or the inter-class. Additionally, features with the least similarity error for one person in a pair of twins (intra-class) and the most similarity error for both individuals in a pair of twins (inter-class) demonstrate the soundness as well as acceptableness of individual features (Patil and Wagh, 2016) . This shows the need to obtain the individual features from the samples of handwritten-fingerprint to allow the identification of the individual in a pair of twins.
Unique Representation with Global Features in Identical Twin
The global features that could handle images of twin multi-biometric for identification purpose are proposed in this study. This method is employed to extract feature and it is an adaptive method. Using this method, the class is discretely improved since it relocates the feature points of individual twin's class to better places, which assures more efficient depiction of individual characteristics for each biometric modality prior to their usage in the matching process. Identification of twins with the shape of handwritten and fingerprint have been presented by many pattern recognition researchers Muhammed and Shamsuddin, 2012; 2017) . Meanwhile, the visual domain comprises the application of shape feature and according to Azah et al. (2010) , shape is also a key feature in describing image content. It is however, not easy to extract features that accurately denote and exemplify the shape of a twin in identical pair. Thus, the proposal of a state-of-the-art system for identical twins becomes the first objective of this study. The proposed system comprises Multimodal biometric identification with the incorporation of countless modalities.
Further, the inclusion of algorithm of Aspect United Moment Invariant (AUMI) from Azah et al. (2010) is this study's second objective. The use of AUMI allows the extraction of a good set of global features which denote the twin handwriting-fingerprint from the region and the boundary representation of a fingerprint in terms of word and shape. In the process of identifying twin, the AUMI extracted features endure the test of individuality of handwriting and fingerprint.
Meanwhile, this study's next objective is to analyse the efficiency of global features. This is for minimising the variation for intra-class while maximising the variation for inter-class for twins' handwriting-fingerprint's individuality in the context of biometric Identification. A method comprising a procedure is used to achieve this purpose and this method is crucial since twin identification demands a technique that fulfils the 'individuality' of Multimodal biometric. Figure 3 illustrates the new proposed procedure for achieving better identification of handwriting-fingerprint of pair of twins.
Multi-Biometric Shape Representations for Identical Twin
The pattern recognition field has generated countless methods for shape representation and depiction of features extraction from an image. Using two different approaches, twin handwriting-fingerprint shape can be handled, generally. These approaches are: Analytic (local/structural) approach and holistic (global) approach. There are two methods to each approach which are: Region-based or whole region shape method and contour-based or contour only method. For the purpose of this study, the holistic approach has been chosen. This approach involves the depiction of the whole image shape, which is appropriate for this study because the twin handwriting-fingerprint shape has to be extracted as one single entity. In other words, it cannot be divided. Also, as assurance of the application of the most appropriate technique to preserve the individuality concept of twin handwriting-fingerprint in twin biometric identification, this study has selected the global method exploration. Meanwhile, as for the other approach, that is, the analytic approach, it involves image depiction in segments.
AUMI with Twin Multi-Biometric
The extraction of individual features from Twin Multi-biometric shape demands an effective technique. With respect to handwriting, Azah et al. (2010) and Zhang and Lu (2002) mentioned shape as opposed to character, to demonstrate greater individuality level. Thus, the United Moment Invariant (UMI) (Yinan et al., 2003) is useful for global features' extraction from the handwriting and shape of fingerprint produced by twins. UMI was formulated based on Hu (1962) Geometric Moment Invariant (GMI) and Chen (1993) Improve Moment Invariant (IMI). In this context, the feasibility of GMI for representation of region in subtle situation has been proven in the work of Chen (1993) , but considering that boundary representation requires high computational times, IMI is proposed for boundary and quicker computation. The image's region and boundary need to be constantly and independently extracted to assure quality feature in image representation (Yinan et al., 2003) . Here, Yinan et al. (2003) proposed the use of UMI because of its capacity in effectively separating the shape of image consistently on region as well as on boundary. However, there are issues regarding the scaling factor utilised in UMI (Hu, 1962) , which have led to the recommendation by Azah et al. (2010) of the use of the scaling factor of Aspect Invariant in Aspect United Moment formulated by Feng and Keane (1994) . The application of this scaling factor enhances the invariant features without normalization of size. Therefore, the proposed AUMI algorithm also includes the aspect's scaling. With the use of this scaling, the invarianceness of handwriting-fingerprint for twin could be preserved in the direction of X and Y, characterizing the human's handwriting-fingerprint of twin. Also, the scaling enables the consistent and subtle extraction of the global word and the fingerprint features shape from both region and boundary representation by way of invarianceness from twin's handwriting-fingerprint. Azah et al.'s (2010) AUMI allows the global features' extraction from the region and boundary of (word or shape) in separate and continuous manner as representation of an individual in a twin. Here, the fusion embedded scaling factor of Aspect is created (Feng and Keane, 1994) into the UMI (Yinan et al., 2003) , as can be referred in Fig. 4 . This instantly assumes the capacity of these two functions of moment into the proposed Aspect United Moment Invariant. Yinan et al.'s (2003) UMI has association with geometrical representation that 
Aspect invariant moment
Aspect united moment invariant considers Normalized Central Moment equations of GMI (Hu, 1962) and Boundary Representation of IMI (Chen, 1993) . Lastly, Azah et al.'s (2010) AUMI comprises 8 features with the construction of Yinan et al. (2003) UMI, as shown below: Table 1 shows the extracted word images sample of handwriting produced by twin. What can be seen in the table are the original extracted features after the global feature, which are the Aspect Invariant Moment (Aspect), United Moment Invariant (UMI), Aspect United Moment Invariant (AUMI) as well as macro feature extraction (MFE). Table 2 illustrates the extracted the sample of twin's fingerprint images of shape. Both the original extracted features and the global feature are shown in the table and they include Geometrical minute feature extraction
The system of identification employs a group of eatures that denotes the individuality and characteristics of an individual in a twin and only the vital features are extracted and selected. Somehow, in twin identification, extraction and selection are rather difficult to perform. This calls for the utilisation of the multi-biometric features from the data storage in identifying twin. Tables  3 to 5 . As can be seen from the tables, there are 4 images employed for the representation of each individual. The value of MAE denotes the invarianceness of twin handwriting-fingerprint and it also offers the first image or reference image (Muhammed and Shamsuddin, 2017) . The occurrence of small errors means that the image is almost identical to the reference image. The value of the overall results is used to compute MAE's average. MAE computation is as expressed below:
Where: n = Denotes the number of images x i = Represents the current image r i = Denotes the image of reference or location measure f = Represents the number of features i = Denotes the feature column of image MAE matches with the individuality measurement of the individual twin handwriting-fingerprint in twin multi-biometric identification. Thus, this study has chosen the use of MAE function. Each twin of a pair has distinct features or characteristic with respect to their handwriting-fingerprint. The MAE function is used to measure the variance between twins' handwriting-fingerprint. Here, two handwritingfingerprints' similarity error obtained from detailed characteristics in the column which denote feature, is used. Thus, the variance between two handwritingfingerprint images for the features obtained from each column from the image's extracted invariant feature vector can be calculated. If low mean and standard division MAE value is attained, then, there is high similarity between the image and the reference or first image. On the other hand, if mean and standard division MAE value is high, then, there is low similarity between the image and the reference or first image. Simply stated, lowest value signifies highest similarity and vice versa. The classification of MAE function under robustness theory of statistical procedure has also been mentioned by other studies (e.g., Muhammed and Shamsuddin, 2012; 2017) and MAE function is also regarded as the most practicable and simplest solution. The pseudo code for this process is exhibited in Fig. 5 . 
Similarity measurement with Intra-class and Interclass with AUMI
The analyses of intra-class and inter-class were performed on the obtained value of MAE. Intra-class contains features extracted from the exact twin or one twin. On the other hand, inter-class includes features extracted from both in a twin or different twin. Word of writing and fingerprint shape produced by twin for intraclass both necessitate smaller MAE value. Comparatively, the inter-class needs bigger MAE value. Thus, the individuality of twin handwriting-fingerprint would be observable.
Presented in Tables 3 through 9 are the intra-class measurement (measurement of one person in a twin or one twin) and the inter-class measurement (measurement of both persons in a twin or different twin) with respect to difference. Here, the MAE function is employed for shape and word. The intraclass can be referred in Tables 3, 4, 6 and 8. Here, the values of MAE are lower than those presented in Tables  5, 7 and 9; all tables employ the twin multi-biometric. In Tables 3 through 9, the analysability of MAE values is demonstrated in the twin handwriting-fingerprint verification with respect to individuality. As for Tables 3  and 4 , lower MAE value can be seen which shows that as proven by Table 5 , the feature between the handwriting and fingerprint from the same person in a twin demonstrates close feature value when it is contrasted with the handwriting and fingerprint produced by both twins. Lower MAE value can also be seen in Tables 6 and 8 which shows that as proven by Table 9 , the feature between the handwriting and fingerprint produced by both persons in a twin evidences close feature value when it is contrasted with the handwriting and fingerprint produced by different twins. The similarity measurement process can apply any function that is in compliant with the similarity measurement rules between twin's features. This study has chosen MAE function because MAE function can be employed on limited data (as this study has). Also, MAE function demonstrates its appropriateness with the individuality of the analysis of twin handwritingfingerprint. With respect to the analysis of intra-class and inter-class, comparison between intra-class and inter-class, the process of similarity measurement run. For this matter, the value of variance for intra-class should be lower than that of inter-class. This will guarantee that the individuality requirement of the twin handwriting-fingerprint is satisfied in order that it becomes pertinent in TI.
Experiment Result
The outcomes of AUMI are highlighted in this work. This will allow the determination of this method's applicability in Twin multi-biometric identification. Comparison and analysis are also made involving AUMI and other techniques, so that the hypothesis on AUMI's positive value in TI can be determined. Accordingly, Table 10 presents the MAE value outcomes and as can be construed, more exploration on AUMI algorithm should be carried out in the TI domain. Also, the outcome of similarity error demonstrates the presence of smaller Uniqueness of authorship for intra-class (same individual in twin or both individuals in a twin) when comparison is performed with that of inter-class (both individuals in twin or different twin). This finding satisfies the individuality notion of twin handwriting-fingerprint in identification arena. Here, in terms of handwriting and fingerprint, lower value of MAE for intra-class is obtained in comparison to the value of MAE obtained for inter-class. This is factored by the fact that moment function is a representation of image. As such, AUMI's effectiveness in TMI feature extraction has been verified by the analysis of uniqueness presentation. Furthermore, in twin handwriting-fingerprint, the extracted feature appears to present the individual's distinct features.
The relation between these two values of MAE in technique capacity assessment for the discovery of the best technique is depicted in Fig. 6 .
The notion of individuality in twin handwritingfingerprint requires that the similarity error is greater for inter-class (both twins) and lesser for intra-class (same person); Figure 7 can be referred. It appears that the features extracted with the AUMI algorithm are closer for the exact person in a twin but more dissimilar for different persons in a twin. This has led to lesser MAE value for intra-class while the MAE value for the interclass becomes larger, evidencing the practicability of the proposed technique in features extraction in the context of TI. Additionally, the notion of individuality relating to twin handwriting-fingerprint has been mentioned in several works including Eliabeth et al. (2015) and Pervouchine and Leedham (2007) . Some empirical validation of individuality of twin multi-biometric with the AUMI algorithm of MF in the extraction of feature is offered in this work.
However, this section's result will not be considered in the best technique determination. Additionally, the next section will present the comparison of techniques. In particular, AUMI algorithm for the notion of individuality embraced by twin multi-biometric in the arena of TI will be validated. AUMI is practicable for the same person in a twin as well as for different persons in a twin. Also, three techniques also demonstrate their fittingness for the concept of twin multi-biometric, as can be seen from the outcomes they generate. Therefore, more in-depth exploration should be made on AUMI, UMI, Aspect, GMI technique of moment function as well as macro and geometrical minute with IT.
Intra-Class (Same Person in a Twin) and Inter-Class (Both Persons in a Twin) Result and Performance between Techniques
This section presents the outcomes generated by Macro, GMI, Aspect, UMI and AUMI in the context of twin handwriting. Geometrical minute, GMI, Aspect, UMI and AUMI are discussed in the context of twin fingerprint, with the additional inclusion of the findings of relevant study in order to determine the most fitting technique for twin handwritingfingerprint's individuality. AUMI's capacity in the extraction of features of twin handwritten-fingerprint word and shape image in the context of TI is examined in this study and the algorithm efficiently has fulfilled the individuality of the twin handwriting-fingerprint. For intra-class, similarity error is found to be smaller, while that of inter-class; it is found to be larger. Interclass and intra-class refers to both persons and the exact person, respectively, in a twin.
For intra-class, the analysis of variance between features generates lower value, as opposed to the analysis performed on inter-class, which demonstrates affirmation on the Individuality of twin handwritingfingerprint. Thus, for intra-class, the most advanced technique of individuality of twin handwritingfingerprint can be measured using the smallest MAE value. As for inter-class, the biggest MAE value is required for the measurement of similarity error, whereas for intra-class, the smallest MAE value is required for the same purpose. This demonstrates that the extracted features are the most linked and similar, while showing more characteristic of individuality inside a group of features. In the context of interclass, gaining the largest MAE value signifies that the features are very distinct from others, resulting in low individuality level in the dataset.
This section discusses the outcomes generated from the analysis of the intra-class and inter-class comprising MEA with mean and standard deviation (refer Tables 11 through 16 ). Four sets of samples for each biometric from 20 twins are employed.
Intra-Class (Same twin) and Inter-Class (Different Twin) Result and Comparison Technique
This section comprises the discussion on the outcomes obtained from the analysis on both the intraclass and inter-class. Tables 17 through 26 can be referred for the intra-class (same twin) and inter-class (different twin) outcomes. Here, four sets of handwriting and four sets of fingerprint from 20 twins are shown.
As evidenced by Tables 17-26 , there is irregularity in terms of the technique arrangement for the lowest MAE value with mean and standard deviation, with the exception of AUMI. Here, AUMI shows the smallest MAE value in almost all tables. A technique must be consistent so that intra-class and inter-class can be compared with one another, which will lead to the determination of the best technique. The best technique concurrently has the smallest MAE value for intra-class and the biggest MAE value for interclass. Among the tested techniques in this study, AUMI is the best technique. The value scale for the extracted invariant feature vector produced by feature extraction contains characteristics that are different. As proof, in comparison to other techniques, AUMI will generate the smallest value for invariant feature vector, demonstrating its consistency in generating the smallest MAE value for intra-class and biggest MAE value for inter-class, as shown in Table 27 . Table 27 : Mean for All techniques Mean ---------------------------------------------------------------------------- 
Conclusion
A novel framework for identical twins is introduced in this study. The proposed framework utilises a technique known as AUMI in its determination of individuality in identical twin multi-biometric. AUMI provides the verification to twin multi-biometric in twin Identification (TI) fulfilling the individuality requirement. Representation of individuality is the focal point of this study, specifically the individuality of twin multibiometric which is illustrated by Moment Function (MF) during the extraction of feature. The representation of individuality is elaborated in terms of procedure. Also, the technique deemed most applicable is recommended. In the context of this study, the technique in question involves mean and standard division calculation between the smallest and biggest MAE value. In terms of the extracted features, each technique acquires distinctive value of scale. The obtained outcomes show that AUMI produces the highest individuality. This study also scrutinises other techniques of moment in multibiometric twin identification.
